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ABSTRACT 

Demineralization of coals and coal-derived chars is part of an effort to develop 
alternative fuels from coal. Pyrolysis and some gasification processes yield 
chars containing a large fraction of the calorific value of the feed coal and 
essentially all of its mineral matter. In the work reported here, three gasifi- 
cation chars produced from anthracite, bituminous, and subbituminous coals have 
been subjected to specific gravity separation to determine their yield-ash 
relationships. Either low yields or high ash levels in the float products were 
observed. Also reported is preliminary work concerning the use of chemical con- 
ditioning to enhance the cleanability of coal prior to physical beneficiation. 
Conditioning of an Illinois No. 6 River King Mine coal with either supercritical 
methanol or cyclohexane resulted in an improved yield-ash relationship, whereas 
similar treatment with supercritical toluene had a negative effect. 

INTRODUCTION 

Currently, there is increasing interest in the identification, development, and 
characterization of new coal-derived fuels which have application extending beyond 
traditional electric utility markets into the commercial, industrial, residential, 
and transportation sectors of our economy. To penetrate these markets, new fuels 
must be low in both total sulfur and mineral matter. Emphasis is therefore being 
placed on the development of new processes to provide ultraclean coal having less 
than one percent mineral matter. In one recent example coal is subjected to 
physical beneficiation, pyrolysis, and subsequent beneficiation of the char [ l ] .  
In this scheme, a portion of the char is combined with the pyrolysis liquids to 
produce a heavy oil substitute. In order for the process to be profitable, how- 
ever, the excess char must be sold at a premium price, such as in the residential 
heating market. 

Results from two different areas of research concerned with the development of 
alternative fuels from coal will be presented in this paper. The first area 
involves beneficiation of chars produced from coal. Such chars may be a major 
product of gasification and pyrolysis processes used to produce premium liquid and 
gaseous fuels. Since a large portion of the calorific value often ends up in the 
char, the beneficiation of this material to produce a premium fuel can be 
important from a process economics standpoint. 

The second area of research is concerned with the use of a chemical pretreatment 
to improve mineral matter liberation during subsequent physical beneficiation. 
Advantages of this reversal of the conventional order of treatment have been dis- 
cussed elsewhere 121. Reported here are preliminary results from the use of 
supercritical fluids in the initial chemical-pretreatment step. 

For reasons of clarity, the following discussion of methodology and results is 
divided into two parts. The first section describes the beneficiation of the 
gasification chars, and the second the work on conditioning of coal prior to its 
physical beneficiation. After this, an overall conclusion section summarizes both 
areas of research. 
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I. BENEFICIATION OF GASIFICATION CHARS 

EXPERIMENTAL. 

Three g a s i f i c a t i o n  c h a r s  produced a t  t h e  P i t t s b u r g h  Energy Technology Center  were 
used f o r  t h e  b e n e f i c i a t i o n  tests. These c h a r s  were formed from t h r e e  d i f f e r e n t  
coa ls :  a Pennsylvania  a n t h r a c i t e  c o a l ,  a P i t t s b u r g h  seam bituminous c o a l  from t h e  
Bruceton Experimental  Research Mine, and a Montana subbituminous c o a l  from t h e  
Rosebud Mine. These c o a l s  were g a s i f i e d  a t  approximately 1160 K under a combined 
oxygen/steam p r e s s u r e  o f  4 .1  MPa in  t h e  Synthane Process  Development U n i t  (PDU) 
g a s i f i c a t i o n  system. The PDU system combined t h e  s t e p s  o f  f lu id i zed -bed  pre- 
t reatment ,  free-fall c a r b o n i z a t i o n ,  and f lu id i zed -bed  g a s i f i c a t i o n  [ 3 ] .  Table 1 
con ta ins  t h e  a n a l y s i s  of t h e  t h r e e  c h a r s  used.  

Bene f i c i a t ion  of t h e  g a s i f i c a t i o n  c h a r s  involved a washab i l i t y  de t e rmina t ion  on 
t h e  char as rece ived  and af ter  a d d i t i o n a l  c rush ing .  A high-speed c e n t r i f u g e  
equipped wi th  f o u r  0 . 5  L hourglass-shaped f l a s k s  was used t o  e f f e c t  t h e  s p e c i f i c  
grav i ty  s e p a r a t i o n s .  Enough heavy o rgan ic  l i q u i d  was added t o  f i l l  each c e n t r i -  
fuge f l a s k  j u s t  above t h e  neck. The s p e c i f i c  g r a v i t y  was checked wi th  a sp ind le  
hydrometer t o  wi th in  2 0.001 o f  a s p e c i f i c  g r a v i t y  u n i t .  

Four 25-gram samples were r i f f l e d  from each cha r  u s ing  a m i c r o s p l i t t e r .  The 25- 
gram char samples were then added to  t h e  f l a s k s  a long  wi th  enough a d d i t i o n a l  
l i q u i d  t o  b r i n g  t h e  l i q u i d  l e v e l  t o  wi th in  1.5 cm o f  the  t o p  o f  t h e  f l a s k .  The 
samples were c e n t r i f u g e d  f o r  20 minutes  a t  1500 rpm, and t h e  c e n t r i f u g e  was 
allowed t o  s t o p  wi thou t  braking.  After removing t h e  f l a s k s ,  t h i n  rubber  i n s e r t s  
were put i n  t h e  necks ,  and t h e  f l o a t  products  were c a r e f u l l y  poured o f f .  The 
rubber inserts were removed t o  recover  t h e  s i n k  products .  Both p roduc t s  were 
vacuum f i l t e r e d  to  remove the  heavy l i q u i d ,  a i r  d r i e d ,  and weighed. 

The t o t a l  s i n k  p roduc t  was d iv ided  i n t o  two o r  four  equa l  p o r t i o n s  by weight and 
then added t o  t h e  c e n t r i f u g e  f l a s k s  con ta in ing  t h e  nex t  h ighe r  s p e c i f i c  g r a v i t y  
l i q u i d .  Th i s  procedure was repeated f o r  each s p e c i f i c  g r a v i t y .  Each product  was 
analyzed f o r  c a l o r i f i c  va lue ,  a s h ,  and t o t a l  s u l f u r .  A l l  r e s u l t s  a r e  t abu la t ed  as 
cumulative va lues  and are repor t ed  on a moi s tu re - f r ee  b a s i s .  

Another r i f f l e d  p o r t i o n  o f  each char sample was crushed t o  e i t h e r  200- o r  325-mesh 
top  s i z e ,  and similar tests and ana lyses  were performed to determine t h e  e f f e c t s  
of crushing on t h e  l i b e r a t i o n  o f  ash and its subsequent  removal. 

DISCUSSION OF RESULTS 

The r e s u l t s  of t h e  s p e c i f i c  g r a v i t y  s e p a r a t i o n s  f o r  t h e  t h r e e  a s - r ece ived  and 
crushed cha r s  a r e  con ta ined  i n  Tables  2 ,  3 ,  and 4. For t h e  a n t h r a c i t e  coal  
g a s i f i c a t i o n  cha r  shown i n  Table 2 ,  t h e  a s - r ece ived  sample contained 69.7 w t %  
plus-200-mesh material. After crushing,  91.9 u t $  o f  the  sample was minus-325 
mesh. For t h e  a s - r ece ived  sample, 79.1 u t %  could be recovered a t  2.00 s p e c i f i c  
grav i ty .  ana lyz ing  7.6 u t %  ash .  T h i s  r e p r e s e n t s  a 54% a s h  r educ t ion .  After 
crushing,  on ly  44.0 w t %  was recovered a t  t h e  same s p e c i f i c  g r a v i t y ,  and only a 10% 
a s h  reduct ion was observed.  

The da ta  for t h e  bi tuminous coa l  g a s i f i c a t i o n  cha r  are contained i n  Table 3. 
I n i t i a l l y  76.5 u t %  of t h e  cha r  was plus-200 mesh. After  c rush ing ,  a l l  o f  the  
sample was minus-200 mesh. A t  a s p e c i f i c  g r a v i t y  o f  1.80, 87 wtg o f  t h e  cha r  was 
recovered; however t h e  a s h  r educ t ion  was only 28%. Af te r  c rush ing ,  t h e  a s h  con- 
t e n t  of t h e  f l o a t  1.80 s p e c i f i c  g r a v i t y  p roduc t  was only 4.1 u t % ,  b u t  t h e  weight 
recovery was only 20.5%. 

Table 4 con ta ins  t h e  r e s u l t s  f o r  t h e  subbituminous c o a l  g a s i f i c a t i o n  c h a r .  The 
as-received cha r  contained 44.7 u t% plus-200-mesh m a t e r i a l .  After crushing ,  
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96.8 ut% was minus-200 mesh. The float-sink tests show a 72% ash reduction for 
the as-received material recovered at 1.80 specific gravity. However, as with the 
bituminous coal, the weight recovery is quite low. For this char, crushing 
appears to be of no benefit, as the yield/ash relationship for the crushed char is 
essentially the same as for the as-received material. 

It is apparent from these washability data that the apparent particle density of 
the chars is higher than that observed for coal. In most of the tests, less than 
20 ut% of the char would float in liquids of 1.80 specific gravity. For most raw 
coals, upwards of 70 ut$ would float in such liquids, with only the concentrated 
mineral matter occurring in the sink product. Also, for coal, crushing to a finer 
size typically improves the yield/ash relationship. For the chars, crushing was 
either of no value or resulted in a poorer yield/ash relationship. 

To explain these observations, phenomena occurring during the forinition of the 
chars must be considered. Under the high-temperature gasification conditions, the 
pore structure of the coal may collapse or otherwise be destroyed; and' as a 
result, a denser form of carbon would exist in the char. Also under these con- 
ditions, the volatile matter is driven off. Loss of this relatively light 
material would also cause an increase in the apparent particle density. Finally, 
encapsulation of the mineral matter by the organic phase would increase the 
apparent particle density and also result in a more homogeneous material that 
would be difficult to beneficiate by physical means. Encapsulation of the ash 
would also explain why these gasification chars were less responsive to grinding 
for release of mineral matter than typical coals, since there would be less 
segregation of the various materials. We have visually observed under the micro- 
scope such encapsulation of the ash in other chars produced by similar high- 
temperature processing. 

, 11. CONDITIONING OF COAL PRIOR TO PHYSICAL, BENEFICIATION 

EXPERIMENTAL 

A unit has been designed and constructed to process coal and coal-derived 

heart of this apparatus, the supercritical fluid extraction vessel. The vessel is 

to 673 K at 27.6 MPa. In the work reported here, the reflux column, which con- 

ture as the extraction section. The use of a temperature difference across the 
column to exploit the properties of supercritical fluids to fractionate non- 
distillable coal-derived liquids has been reported elsewhere [4]. 

The coal used in this work was a channel sample of Illinois No. 6 coal from the 
River King Mine containing 8.31 percent moisture, 13.33 percent ash, and 4.68 
percent sulfur. Supercritical methanol (Tc = 512.6 K; Pc = 8.097 HPa), cyclo- 

were used in the treatment of this coal. The solvents were obtained in drum 
quantities at greater than 99 percent purity and used as received. 

A 500-gram charge of the coal, crushed to minus-14 mesh, is first placed in the 
extraction section of the supercritical fluid extraction vessel. After the unit 
is stabilized at operating conditions under a nitrogen atmosphere, the super- 
critical fluid is introduced into the bottom of the vessel through the sparger, 
where it contacts the coal. The fluid phase containing extracted material con- 
tinues up the column and exits at the top of the vessel. The extracted material 
leaving the column is separated from the supercritical fluid by partial depres- 
surization. The fluid is then condensed for reuse. Before being recycled in the 
unit, the solvents are distilled on a rotary evaporator. 

i 
1 
I materials with supercritical fluids. Figure 1 contains a sectional view of the 
I 

constructed entirely of 316 stainless steel and can be operated at conditions up 

, sists of a packed bed and condenser section, was maintained at the same tempera- 

1 

, 

I 

\ hexane (Tc I 553.4 K; Pc = 4.074 MPa), and toluene (Tc 591.7 K; Pc,= 4.115 MPa) 

325 



. I  

The I l l i n o i s  No. 6 coal was processed wi th  methanol, cyclohexane, and to luene  a t  a 
T,, or T/Tc, of 1.02, and a t  a P,, or P/Pc, of 2.0. The runs  were terminated when 
t h e  r a t e  of c o l l e c t i o n  of e x t r a c t e d  m a t e r i a l  was less than 1 gram i n  30 minutes.  
This  requi red  from 5 to  9 hours  of  o p e r a t i o n .  The flow o f  s o l v e n t  was maintained 
a t  0.27 gram-moles/minute d u r i n g  most o f  t h i s  work. This  rate was doubled i n  one 
o f  t h e  t o l u e n e  t r e a t m e n t s .  No a p p r e c i a b l e  change was observed i n  t h e  y i e l d  of 
e x t r a c t  in  t h i s  c a s e .  To provide  s u f f i c i e n t  material f o r  c h a r a c t e r i z a t i o n  and 
phys ica l  b e n e f i c i a t i o n  t e s t i n g ,  two runs  were made with each s o l v e n t ,  and t h e  
r e s p e c t i v e  products  were combined. The y i e l d s  of  t r e a t e d  coal on a mois ture- f ree  
b a s i s  were 90,  89 ,  and 75 weight p e r c e n t  f o r  methanol,  cyclohexane, and to luene ,  
r e s p e c t i v e l y .  The o v e r a l l  material ba lance ,  d e f i n e d  as t h e  t o t a l  weight of 
recovered material d i v i d e d  by t h e  weight of t h e  coal i n i t i a l l y  charged, ranged 
from 95 t o  102 p e r c e n t  for a l l  t h e  tests. 

S p e c i f i c  g r a v i t y  s e p a r a t i o n s  of t h e  t r e a t e d  c o a l s  were performed us ing  con- 
v e n t i o n a l  s ta t ic  f l o a t - s i n k  techniques  to  de termine  t h e i r  b e n e f i c i a t i o n  p o t e n t i a l .  

DISCUSSION OF RESULTS 

Tables 5 th rough 8 c o n t a i n  t h e  r e s u l t s  from t h e  washabi l i ty  a n a l y s i s  of  t h e  
I l l i n o i s  No. 6 c o a l  b e f o r e  and after t rea tment .  These d a t a  are cumulative va lues  
and a r e  repor ted  on a mois ture- f ree  b a s i s .  Also shown i n  t h e s e  t a b l e s  a r e  a s h ,  
t o t a l  s u l f u r ,  and c a l o r i f i c  v a l u e  d a t a  obta ined  on t h e  bulk samples p r i o r  t o  t h e  
s p e c i f i c  g r a v i t y  s e p a r a t i o n s .  The agreement between t h e  bulk va lues  and t h e  
r e s u l t s  r e c o n s t i t u t e d  from t h e  washabi l i ty  d a t a  is g e n e r a l l y  acceptab le .  
Noteworthy e x c e p t i o n s  are t h e  t o t a l  s u l f u r  c o n t e n t s  of  t h e  c o a l s  t r e a t e d  wi th  
methanol and cyclohexane and t h e  a s h  c o n t e n t  of t h e  to luene- t rea ted  c o a l .  
Additional work is b e i n g  performed t o  f i n d  an  explana t ion  f o r  t h e s e  d i f f e r e n c e s .  

Reduction i n  t o t a l  s u l f u r  concent ra t ion  is only observed i n  t h e  s p e c i f i c  g r a v i t y  
s e p a r a t i o n  products  of t h e  methanol-treated c o a l .  The h igher  t o t a l  s u l f u r  l e v e l s  
r e s u l t i n g  from t h e  cyclohexane and t o l u e n e  t r e a t m e n t s  are p r i m a r i l y  due t o  t h e  
e x t r a c t i o n  of a p o r t i o n  o f  t h e  o r g a n i c  phase ,  which c o n c e n t r a t e s  t h e  remaining 
s u l f u r  i n  the t r e a t e d  coal. The e x t r a c t a b l e  m a t e r i a l s  from a l l  o f  t h e  t e s t s  con- 
t a i n  approximately 2.4 w t %  s u l f u r  and no minera l  m a t t e r .  S u l f u r  ba lances  f o r  t h e  
t r e a t e d  c o a l s  u s i n g  t h e  bulk sample s u l f u r  d a t a  are between 95 and 99 percent .  

Unusually low l e v e l s  of p y r i t i c  s u l f u r  are r e p o r t e d  f o r  t h e  cyclohexane-treated 
coa l .  The total s u l f u r ,  however, d i d  n o t  decrease  by a corresponding amount, 
i n d i c a t i n g  e i t h e r  that  o r g a n i c  s u l f u r  was formed from t h e  s u l f u r  o r i g i n a l l y  con- 
t a i n e d  i n  t h e  p y r i t e  or t h a t  t h e  a n a l y s i s  f o r  p y r i t i c  s u l f u r  is i n  error. Under 
t h e  r e l a t i v e l y  mild r e a c t i o n  c o n d i t i o n s ,  i t  is n o t  l i k e l y  t h a t  s u l f u r  from t h e  
p y r i t e  has  i n c o r p o r a t e d  i n t o  t h e  o r g a n i c  m a t r i x  of  t h e  c o a l .  Rather,  t h e  p y r i t e  
h a s  probably been t ransformed i n t o  a form t h a t  does n o t  d i s s o l v e  i n  t h e  a c i d  used 
f o r  t h e  p y r i t i c  s u l f u r  de te rmina t ion .  

In  c o n t r a s t  t o  t h e  o t h e r  t r e a t e d  c o a l s ,  t h e  total and p y r i t i c  s u l f u r  l e v e l s  i n  t h e  
to luene- t rea ted  c o a l  remain h i g h ,  even i n  t h e  low s p e c i f i c  g r a v i t y  f r a c t i o n s .  One 
p o s s i b l e  e x p l a n a t i o n  is t h a t  t h e  to luene  t rea tment  caused a s o f t e n i n g  of  t h e  
organic p o r t i o n  of t h e  coal, r e s u l t i n g  i n  increased  encapsula t ion  o f  t h e  mineral  
matter.  T h i s  would make t h e  material more homogeneous wi th  r e s p e c t  t o  t h e  
s p e c i f i c  g r a v i t y  s e p a r a t i o n s .  Sof ten ing  of t h e  c o a l  was evidenced by t h e  f a c t  
t h a t  t h e  c o a l  was m i l d l y  agglomerated after t h e  t o l u e n e  t rea tment .  After treat- 
ment with either methanol or cyclohexane, however, t h e  product was free-flowing 
and similar i n  appearance  to t h e  s t a r t i n g  m a t e r i a l .  

Microscopic a n a l y s i s  o f  t h e  v a r i o u s  s p e c i f i c  g r a v i t y  f r a c t i o n s  shows t h e  to luene  
t rea tment  produces p a r t i c l e s  t h a t  conta in  r e l a t i v e l y  more and l a r g e r  pore openings 
than t h e  p a r t i c l e s  after methanol or cyclohexane t rea tment .  T h i s  c h a r a c t e r i s t i c  
could decrease  t h e  a p p a r e n t  s p e c i f i c  g r a v i t i e s  o f  t h e  c o a l  p a r t i c l e s  and r e s u l t  in 
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t h e  poor s u l f u r  r e j e c t i o n  observed for t h e  to luene- t rea ted  c o a l .  T h i s  phenomenon 
would e x p l a i n  t h e  h i g h  y i e l d  i n  t h e  Float-1.25 f r a c t i o n .  S e v e r a l  o t h e r  coals have 
been t r e a t e d  t o  provide a l a r g e r  frame of r e f e r e n c e  from which t o  i n v e s t i g a t e  
these  observa t ions .  

In o r d e r  to  i l l u s t r a t e  t h e  changes i n  t h e  t r u e  and/or apparent  s p e c i f i c  g r a v i t i e s  
of t h e  c o a l  p a r t i c l e s  r e s u l t i n g  from t h e  s u p e r c r i t i c a l  f l u i d  t r e a t m e n t s ,  t h e  y i e l d  
versus  a s h  conten t  d a t a  are p l o t t e d  i n  F igure  2 for t h e  raw and t r e a t e d  coals. In 
comparison wi th  raw c o a l  w a s h a b i l i t y  d a t a ,  bo th  t h e  methanol and cyclohexane 
t rea tments  marginally enhance t h e  c l e a n a b i l i t y  of  t h e  raw c o a l .  I n  c o n t r a s t ,  t h e  
to luene  t rea tment  makes i t  worse. Addi t iona l  work wi th  o t h e r  S o l v e n t s  is i n  
progress  t o  determine if t h e  p o s i t i v e  t r e n d s  observed wi th  methanol and cyclo- 
hexane can be improved. 

CONCLUSIONS 

A set of t h r e e  g a s i f i c a t i o n  c h a r s  have been s u b j e c t e d  t o  phys ica l  b e n e f i c i a t i o n .  
In some c a s e s ,  marginal improvements i n  t h e  minera l  mat te r  c o n t e n t  were achieved, 
bu t  e i t h e r  u n s a t i s f a c t o r y  a s h  l i b e r a t i o n  or low y i e l d s  were observed o v e r a l l .  The 
form of carbon i n  t h e  a s h  is much denser  than  t h a t  t y p i c a l  for c o a l .  One 
explana t ion  for t h i s  observa t ion  is t h a t  some o f  t h e  minera l  mat te r  has  been 
encapsulated dur ing  t h e  formation o f  t h e  char .  T h i s  is f u r t h e r  evidenced by t h e  
poor response of  t h e  c h a r s  upon f u r t h e r  s i z e  reduct ion .  Other phenomena, such  as 
l o s s  of p o r o s i t y  and v o l a t i l e  m a t t e r ,  may also c o n t r i b u t e  t o  t h e  poor s e p a r a t i o n s  
observed. In summary, t h e s e  o b s e r v a t i o n s  h i g h l i g h t  t h e  inadequacy of convent iona l  
phys ica l -c leaning  methods f o r  some coal -der ived  materials. If a c l e a n  char  
product is to be produced, e i t h e r  deeper i n i t i a l  c leaning  of t h e  c o a l  is requi red  
or new techniques  must be developed to  s e p a r a t e  t h e  minera l  matter from t h e  
r e s u l t i n g  chars .  

The washabi l i ty  of  c o a l  can b e  margina l ly  improved through t h e  use  of a n  i n i t i a l  
p re t rea tment  wi th  s u p e r c r i t i c a l  methanol or cyclohexane. S i m i l a r  t r e a t m e n t  with 
s u p e r c r i t i c a l  to luene  has  t h e  o p p o s i t e  e f f e c t .  While n o t  p r e s e n t l y  p r a c t i c a l  from 
an economic s t a n d p o i n t ,  t h i s  work may provide  new i n s i g h t s  i n t o  p o s s i b l e  avenues 
f o r  producing a l t e r n a t i v e  f u e l s  from c o a l .  More work needs t o  b e  done to 
determine if  t h e  minera l  matter l i b e r a t i o n  can be f u r t h e r  improved by vary ing  t h e  
c o n d i t i o n s  and r e a g e n t s  used i n  t h e  pre t rea tment .  
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Table  1. Chemical Analys is  of G a s i f i c a t i o n  Chars 

Coal Type Subbituminous Bituminous 

Char Yie ld ,  u t %  of Raw Coal 25 39 
Proximate Analysis ,  w t %  

Moisture 
V o l a t i l e  Matter  
Fixed Carbon 
Ash 

Ult imate  Analysis ,  w t %  m f  
Carbon 
Hydrogen 
Nitrogen 
Oxygen 
S u l f u r  
Ash 

1.8 
5.8 

57.7 
34.7 

60.3 
1.2 
0.4 
3.3 
0.2 

34.7 

1.3 
1.7 

72.9 
24.2 

72.2 
1.4 
0.7 
1.4 
0.3 

24.2 

C a l o r i f i c  Value, Btu / lb  9,308 10,622 

Anthraci te  

45 

0.5 
3.1 

75.6 
20.8 

74.7 
1.1 
0.6 
2.5 
0.3 

20.8 
---- 

Table 2. Cumulative Washabi l i ty  R e s u l t s  for t h e  Anthrac i te  
Coal G a s i f i c a t i o n  C h a r  

--- As-Received --- 
Tota l  

Products  Yield Ash S u l f u r  Btu / lb  

F l o a t  1.60 16.4 3.4 0.45 14,019 
1.60 x 1.80 52.9 6.4 0.41 13,145 
1.80 x 2.00 79.1 7.6 0.33 12,746 
Sink  2.00 100.0 16.7 0.29 11,447 

--- wt$ mf --- 

--- Crushed --- 

Yield Ash S u l f u r  B t u / l b  

3.8 2.2 0.54 14,199 
4.5 3.4 0.51 13,976 

44.0 15.9 0.33 11,580 
100.0 17.8 0.32 11,259 

T o t a l  

--- wt$ m f  --- 

Table  3. Cumulative Washabi l i ty  R e s u l t s  for t h e  Bituminous 
Coal G a s i f i c a t i o n  C h a r  

--- As-Received --- 
Tota l  

Products  Yie ld  Ash S u l f u r  Btu / lb  

F l o a t  1.40 63.0 11.2 0.57 12,368 
1.40 x 1.60 77.2 11.5 0.53 12,265 
1.60 x 1.80 87.0 12.8 0.49 12,103 
1.80 x 1.90 100.0 17.8 0.45 11,354 
1.90 x 2.00 ---- ---- ---- 
Sink 2.00 ---- ---- ---- 

--- wt$ mf --- 

----- 
----- 

--- Crushed --- 

Yield Ash S u l f u r  Btu/lb 

--I)-- . --- ---- ----- 
19.5 3.8 0.80 13,100 
20.5 4.1 0.78 13,041 
23.0 5.1 0.73 12,894 
98.5 15.7 0.35 10,991 

100.0 17.0 0.35 10,953 

T o t a l  

--- wt$ mf --- 
-. 
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Table 4. Cumulative Washability Results for the Subbituminous 
Coal Gasification Char 

--- As-Received --- 
Total 

Products Yield Ash Sulfur Btu/lb 

Float 1.60 6.2 7.6 0.38 12,289 
1.60 x 1.80 14.6 8.9 0.23 12,297 
1.80 x 2.20 100.0 32.1 0.19 9,456 
Sink 2.20 ---- ---- ---- ----- 

--- ut$ mf --- 

Crushed --- --- 
Total 

Yield Ash Sulfur Btu/lb 

5.2 7.2 0.46 12,138 
5.6 8.8 0.46 11,909 

97.7 30.0 0.26 8,873 
100.0 30.1 0.28 8,860 

--- ut$ mf _ _ _  

Table 5. Cumulative Washability Results for Illinois No. 6 Coal 

Products 

Float 1.25 
1.25 x 1.28 
1.28 x 1.30 
1.30 x 1.40 
1.40 x 1.60 
Sink 1.60 
Bulk Sample 

Total Pyritic 
Yield Ash Sulfur Sulfur 

-0- 

--- ut$ mf _-- 
---- ---- ---- 

3.4 3.1 2.60 0.45 
12.8 2.6 2.67 0.37 
67.5 5.4 3.12 0.78 
86.4 7.6 3.40 1.14 

100.0 13.8 5.02 2.92 ----- 14.5 5.10 ---- 

Btu/lb 

----- 
13,777 
13,836 
13,492 
13,450 
12,410 
11,713 

Table 6. Cumulative Washability Results for Methanol-Treated Illinois No. 6 Coal 

Products 

Float 1.25 
1.25 x 1.28 
1.28 x 1.30 
1.30 x 1.40 
1.40 x 1.60 
Sink 1.60 
Bulk Sample 

Table 7. Cumu 

Products 

Float 1.25 
1.25 x 1.28 
1.28 x 1.30 
1.30 x 1.40 
1.40 x 1.60 
Sink 1.60 
Bulk Sample 

Total Pyritic 
Yield Ash Sulfur Sulfur Btu/lb --- wt$ mf --- 

---- -0- 
8.5 1.9 

30.9 2.4 
69.3 5.3 
82.7 7.2 

100.0 15.3 
----- 14.9 

2.59 0.29 
2.86 0.68 13,202 
3.14 0.96 12,877 
4.74 2.84 11,485 
5.29 ---- 11,601 

itive Washability Results for Cyc ~ )hexane-Treated Illinois No. 6 Coal 

Yield Ash Sulfur Sulfur Btu/lb 

7.4 2.3 2.88 0.41 13,847 
25.5 3.4 2.90 0.19 13,826 
42.7 3.1 3.02 0.16 13,713 
72.7 5.5 3.42 0.17 13,339 
86.4 7.5 3.85 0.18 13,036 

100.0 14.7 4.38 1.03 12,031 ----- 15.4 5.38 ---- 11,808 

Total Pyritic 

--- wt% mf --- 
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Products 

Float 1.25 
1.25 x 1.28 
1.28 x 1.30 
1.30 x 1.40 
1.40 x 1.60 
Sink 1.60 
Bulk Sample 

Table 8. Cumulative Washability Results for Toluene- 
Treated Illinois Uo. 6 Coal 

Total Pyritic 
Yield Ash Sulfur Sulfur --- w y  mf --- 
42.4 8.3 3.22 1.44 
50.0 8.5 3.24 1.48 
53.6 8.3 3.21 1.46 
73.0 8.6 3.22 1.50 
83.5 9.8 3.41 1.70 
100.0 17.3 5.51 3.92 ----- 19.3 5.75 ---- 

Btu/lb 

12,885 
12,869 
12,938 
12,863 
12,672 
11,465 
11,263 

ASH, cumulative wiqM Sb 

Coal Wore and After Treatments ruth Spar- 
critical Method, Cyclohexane ,ond Toluene. 

Fipue 2. Compcrison of Wothability Dola for Illinois No. 6 

‘ I  
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